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ABSTRACT 

We have obtained deep near-infrared J- (1.25/iin), H- (1.65/ini) and JTs-band (2.15/ini) 
imaging for a sample of six dwarf galaxies (Mb —17 mag) in the Local Volume (LV, 
D < 10 Mpc). The sample consists mainly of early-type dwarf galaxies found in various en- 
vironments in the LV. Two galaxies (LEDA 166099 and UGCA 200) in the sample are detected 
in the near-infrared for the first time. The deep near-infrared images allow for a detailed study 
of the photometric and structural properties of each galaxy. The surface brightness profiles of 
the galaxies are detected down to the ~ 24 mag arcscc^^ isophote in the J- and iJ-bands, 
and 23 mag arcsec"^ in the i^g-band. The total magnitudes of the galaxies are derived in the 
three wavelength bands. For the brightest galaxies {Mb S —15.5 mag) in the sample, we find 
that the Two Micron All Sky Survey (2MASS) underestimates the total magnitudes of these 
systems by up to < 0.5 mag. The radial surface brightness profiles of the galaxies are fitted 
with an exponential (for those galaxies having a stellar disk) or Sersic law to derive the struc- 
ture of the underlying stellar component. In particular, the effective surface brightness (/ie) 
and effective radius (r^) are determined from the analytic fits to the surface brightness profile. 
The J-Kg colours for the galaxies have been measured to explore the luminosity-metallicity 
relation for early-type dwarfs. In addition, the B-Kg colours of the galaxies are used to as- 
sess their evolutionary state relative to other galaxy morphologies. The total stellar masses of 
the dwarf galaxies are derived from the _ff-band photometric measurements. These will later 
be compared to the dynamical mass estimates for the galaxies to determine their dark matter 
content. 

Key words: galaxies: dwarf - galaxies: photometry - galaxies: fundamental parameters - 
galaxies: stellar content - infrared: galaxies. 



1 INTRODUCTION 

Dwarf galaxies are, apart from stellar clusters, the most fundamen- 
tal stellar systems. They are believed to be the building blocks 
of larger galaxies in hierarchical galaxy formation theories (e.g., 
bullock et al. 2001) and can provide i nsight into galaxy form ation 
and evolution on the smallest scales jTavlor & Babul|[2003t) . The 
Local Volume (LV, D < 10 Mpc) provides a diverse environment 
in which these systems can be studied. The observations of dwarf 
galaxies in the LV, however, remain challenging due to their char- 
acteristic low surface brightness (fiv,cB ^ 22 mag arcsec"^). The 
availability of more sensitive detectors has led to the discovery of 
numerous dwarf galaxies in the LV. These stellar systems can now 
be studied in unprecedented detail to measure their physical prop- 
erties (e.g., stellar, gas and dark matter content). Overall, an un- 
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derstanding of the physical mechanisms driving the observational 
properties of dwarf galaxies can significantly impact our current 
views of galaxy formation and evolution, as well as the nature of 
dark matter. 

Extensive optical galaxy surve ys of the local neighbourhood 
(D < lOMpc) of the Milky Wav jKraan-Korteweg & TammannI 



1 19791 : ISchmidt & Boiled 1 19921 : iKarachentsev et al.l |2004) have 
been carried out for well over two decades. Increasingly 
fainter and lower surface brightness (SB) galaxies have been 
detected within this time frame. These include the dis- 
cover y of numerous dwarf galaxie s in t he LV I Cote et alT] 
'1997'; Karachentseva & Karachentsev 1998; Jerjen et al.' 199^; 
Karachents eva et al . 1999 ; Karachen tseva & K arachentsev 200 ^; 
Kara chentsev et al. I i200dljerien et al.ll2000ai ; IKarachentsev et aU 
1200 if) . Follow-up observations of the newly discovered dwarfs have 
primarily focused on obtaining distance estimates and stellar pop- 
ulation studies for these galaxies (see IKarachentsev et afl 1 19991 
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Table 1 . Bas ic properties of targ et dwarf galaxies. Columns: (1) Galaxy designation; (2) Morphological classification taken from i Jerien et al. I 
i2000b[) and lParodietal.l 120021) . with the exception of NGC 5206 which is given by the NASA/IPAC Extragalactic Database (NED); (3) 
and (4) E quatorial coordinates for J2000 epoch; (5) and (6) Distance to the galaxy in Megaparsecs with an indication of the method used 
ijerien et al. 2000a b; Karachentsev et al. 2004): SBF - via fluctuation of surface brightness; MEM - from membership in the known groups; 
(7) Heliocentric radial velocity of galaxy: "Using the optical emission lines in the spectrum of NGC 59 (Beaulieu et al. 2006), ''The hehocentric 
velocity of UGCA 200 was computed by averaging the radial velocities of six globular clusters measured by Puzia & Sharina 12008) . Note that 
the globular cluster having an elevated radial velo city of vp, = 1210 ± 2 7km was ex clu ded as it might be a ssociated with the disk 
component of NGC 3115 rather than UGCA 200; ' Ida Costa et ail teteetal.l ^9971) ; ' Ijerien et al.n2000j) ; (8) Total apparent B - 
band magnitude; (9) Absolute B-band magnitude (corrected for Galactic extincti on); (10) Reddening esti mate from ISchlegel et aU il998l) ; 
(11) B-R colour. The photometric parameters were taken from lParodi et al. ] <2002l) and ljerien et Z] j2000hl) . with the exception of NGC 5206 
which is taken from Lauberts & Valentijn ( 1989). 
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l2007l ; ISeitzeretal.ll200ll and references therein). Deep B- and R- 
band imaging of the new dwarf membe rs in the Centaurus A and 
Sculptor groups was performed by Jerien et al. ] 11998, 2000al|3). 
They derive a distance estima te for each galaxy using t he surface 
brightness fluctuation method iTonrv & SchneideJ 19881) . The pho- 
tometric and structural parameters of the galaxies were also mea- 
sured. A detailed BR photometric analy sis of a lar ger sample of 
LV dwarf galaxies (from the Karac hentseva & Karache ntsev ( 1998) 
sample) was later carried out by IParodi et al, .1 ( l2002h . Their goal 
was to establish a surface photometry database for a large homoge- 
neous sample of nearby dwarf galaxies. The photometric database 
provides a systematic means of studying structural differences in 
the dwarf galaxies. Multi-wavelength observations ranging from 
the optical to the infrared wavelengths are, however, needed to gain 
a complete understanding of the morphology and evolutionary state 
of these galaxies. 

The main contribution to the stellar mass of galaxies arises 
from the underlying old stellar component. The morphology of 
the individual galaxies is established by this underlying compo- 
nent which is thought to be the "backbone" of the galaxy. The 
distribution of the old stellar component is effectively probed at 
near-infrared (NIR) wavelengths. The NIR wavelengths are mini- 
mally influenced by dust attenuation revealing the internal galaxy 
structure. The largest NIR database containing the photometric and 
structural parameters of nearby dwarf galaxies has been constructed 
using observations from the Two Micron All Sky Survey (2MASS, 
|jarrettll2000l ; Ijarrett et al.1l2003l) . The inadequacy of the 2MASS 
photometry for deriving these parameters is, however, continuously 
being highlighted as deeper observations of the dwarf galaxies are 
obtained. These effects are more evident for the low SB galaxies 
where the short exposures of 2MASS result in either the galaxy be- 
ing undetected or its total flu x being underestimated by up to 70% 
( lAndreonll2003 ; lKirbv et"an i2008). Deep NIR observations of the 
LV dwarf galaxies are thus needed to avoid the selection effects of 
2MASS photometry at low luminosities and low star densities. 

Deep NIR observations are hardly available for nearby dwarf 
galaxies because of the large integration times required for imaging 
these faint stellar systems. The deep NIR imaging of nearby dwarfs 
have subsequently focused on those galaxies showing star forma- 



tion a ctivity such as the dwarf irregu lar galaxies (jVaduvescu et al.l 
and b lue compact dwarfs (e.g., ^ Cairos et al.l2003[) . Recently!^ 
Kirbv et al . (2008) have obtained deep if -band (1.65/im) obser- 
vations of a large sample of 57 LV galaxies consisting mostly of 
irregular galaxies. Their deep observations allow for the galaxies 
to be detected 4 mag arcsec"^ or 40 times fainter than 2MASS. 
Given the high spatial resolution of the images, they were able to 
derive photometric and st ructural parameters for t he galaxies. 

The observations bv lKirbv et al.l ( |2008|) and lVaduvescu et aD 

( l2005l) are seen as the first contributions to an extensive NIR photo- 
metric database of LV dwarf galaxies. To add to this effort, we have 
obtained simultaneous deep J- (1.25/im), H- (1.65/im) and Ks- 
band (2.15^m) observations of a sample of six LV dwarf galaxies. 
The galaxies are members of a larger sample of ~ 40 LV dwarf 
galaxies for which deep NIR observations will eventually be ob- 
tained. The photometric analysis includes the derivation of the ra- 
dial SB profiles and the colour profiles of the galaxies (section|5]l. 
The total magnitudes of the galaxies are derived in section fSTI Here 
it can be seen that the deep JHKg observations allow for a more 
accurate measure of the galaxy magnitudes compared to 2MASS. 
The structural parameters of the underlying stellar component are 
obtained in section [5^ bv fitting either an exponential or Sersic law 
to the radial SB profile of the galaxy. The NIR photometric parame- 
ters of the three faintest dwarfs {Mb ^ —15.5 mag) in the sample 
are measured for the first time. A detailed discussion of the photo- 
metric results for the six dwarfs is given in section |6] In addition, 
we also derived the NIR luminosities and total stellar masses of the 
galaxies (section \63[ . The NIR photometric results presented in 
this paper will complement the BV surface photometry database 
already established for these galaxies. 



2 SAMPLE SELECTION 

Deep near-infrared (NIR) J-, H- and T^s-band imaging was ob- 
tained for six Local Volume (LV, D < 10 Mpc) dwarf galaxies. 
The following criteria led to the selection of the target galaxies for 
NIR observations: 

(1) The dwarf galaxies are required to have an angular size 
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smaller than ~4' in the B-band so that the galaxy falls completely 
in the 7f8x7.'8 field-of-view (FoV) of the IRSF telescope. This cri- 
terion will allow a reliable measure of the sky background within 
the FoV of the galaxy images. 

(2) Given the wide range in right ascension of all the target 
galaxies in our large sample, the galaxies within the February-June 
visibility window of the South African Astronomical Observatory 
(SAAO) site were selected. This was the period corresponding to 
the allocated semester for observing the dwarf galaxies. 

(3) Extremely low surface brightness (SB) galaxies (fiB.cS ^ 
24.5 mag arcsec"'^) were as yet excluded. 

The basic properties of the six target galaxies are listed in 
Table [T] The sample consists mainly of early-type dwarf galax- 
ies spanning a range of distances (3.5-10 Mpc) within the LV. 
The galaxies ESO 384-016 and NG C 5206 were identified as part 
of the Centaurus A (Cen A) group iCote et alll 19971 : Ijerien et ^ 
l2000ah . while NGC 59 was found to be a member of the Sculp- 
tor (Scl) group jjerien et al.lll998l) . The remaining galaxies in the 
sa mple are more distarit dwe llers and lie on the outskirts of the 
LV ( iKarachentsev et al.l2004l and references therein). The galaxies 
NGC 59, NGC 31 15 DWOl and NGC 5206 are the brightest in the 
sample with total apparent B-band magnitude of B < 13.4 mag. 
The fainter dwarf galaxies in the sample (B > 15 mag) are less 
spatially extended on the sky with LEDA 166099 having an angu- 
lar size of -Dcxt < 1 arcminute. 



3 OBSERVATIONS 

Deep NIR imaging of the six dwarf galaxies was obtained with 
the 1.4m Infra red Survey Facilit>Q (IR SF) telescope in Sutherland, 
South Africa (Iciass & Nagatdl2000 i). The Sirius detector of the 
IRSF telescope consists of three 1024x 1024 HgCdTe arrays. The 
array system allows for simultaneous 3-channel J- (1.25/im), H- 
(1.65^m) and ATs-band (2.15/im) imaging. The individual CCDs 
give a total FoV of 7.'8x7f8 together with a 0'.'45 pixel scale. 

The NIR data were obtained during three different observing 
runs over the period of 2006-2007. A log of all the galaxy observa- 
tions is presented in Table |2] The observations performed in 2006 
February and June were carried out using shared telescope time. 
Single galaxy observations of NGC 3115 DWOl and NGC 59 were 
obtained during these respective observing runs. A further week in 
2007 March was dedicated to the imaging of dwarf and low SB 
galaxies. Simultaneous J-, H- and Ks-band imaging of the other 
four galaxies was obtained during this observing run. The total in- 
tegration times for the galaxy observations vary from 60-132 min- 
utes. All observations were performed during grey time under pho- 
tometric conditions. 

The aim of the NIR observations is to conduct a detailed 
photometric analysis of the dwarf galaxies out to at least the 
fj^Ks ~ 23 mag arcsec"^ isophote. R. Metcalfe & M. McCall 
(private communication) derived an exposure time for detecting 
nearby dwarf irregular (dirr) galaxies down to this isophote us- 
ing the IRSF telescope. The exposure time was calculated based 
on NIR observations of these galaxies with the 3.6m Canada- 
France -Hawaii telescope (CF HT) and the 2.1m OAN-SPM tele- 
scope jVaduvescu et al.|[2005l) . They found that a limiting magni- 
tude of fj,Ks ~ 23 mag arcsec"^ can be reached in ~70 minutes. 

^ A description of the telescope can be found at 
|http://www.z.phys.nagoya-u. ac.jp/~telescop/index_e.html | 



Table 2. Observing Log 
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The goal was therefore to observe each galaxy in principle for at 
least 70 minutes. An exception was made for the luminous galaxy 
NGC 59 which was only observed for 60 minutes on the shared 
night of June 11 2006. The low SB dwarf galaxies, LEDA 166099 
and UGCA 200, were both observed for 96 minutes to ensure their 
detection (see Table|2ll. 

The quality of deep NIR images is greatly affected by tempo- 
ral and spatial variations in the sky background. A good estimate 
of the sky-level is particularly important when observing low SB 
dwarf galaxies such a s LEDA 166099 and UGCA 200. The NIR 
observing technique o f IVaduvescu & McCalll Jiooj) was employed 
to ensure an optimal extraction of the sky-level in the images. They 
propose an observing sequence of the form; 

sky — galaxy — sky — .... — sky — galaxy — sky , (1) 

when observing faint extended sources in the NIR. Temporal vari- 
ations in the sky-level were accounted for by allowing equal ex- 
posures for the galaxy and sky frames. A dithering step of 10" 
was applied to each new galaxy and sky exposure in the observ- 
ing sequence. This was necessary for the removal of bad pixels and 
contaminants from the images. 

The sequential sky and galaxy frames in ([TJ were exposed 
for 60 seconds each. Individual exposures were sub-divided into 
3 X 20s non-dithered frames to avoid saturation of the pixel arrays. 
The background was sampled by choosing a sky region in close 
proximity to the galaxy that shows the least amount of stellar con- 
tamination. The sky-level was sampled either 10' North or South of 
the galaxy center. 

Twilight sky images were obtained in the evening and morn- 
ing. A sequence of equal-duration exposures was taken as the twi- 
light brightened or faded in each filter. These sky flats were used to 
remove the spatial variations in the images. A series of dark expo- 
sures were taken every morning in the J-, and i^s -bands for 
removal of the detector signature. 
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Table 3. Properties of the reduced NIR images 
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4 DATA REDUCTION AND CALIBRATION 

The data reduction was carried out using standard tasks in IRAlQ. 
The first step in the reduction procedure involves the removal of the 
bias-level from the target images (i.e., sky flats, galaxy and sky ex- 
posures). Dark frames having the same exposure time as the target 
image were used to create a master dark frame which was then sub- 
tracted from the individual target exposures. A master flat was cre- 
ated in each filter from a sequence of 30-40 equal-duration twilight 
sky exposures. The master flat was used to correct for the pixel-to- 
pixel sensitivity in the sky and galaxy exposures. 

The non-dithered 20sec galaxy and sky exposures were com- 
bined giving an observational sequence of the form: 

5*1 — Tl — 52 — ... — Si — Ti ~ Si+l — ... — Sn — Tn — Sn + 1, (2) 

where a dithered region of the sky Si is sampled before and 
after each galaxy exposure Ti. This technique of straddling the 
sky frames allows for the interpolation of the background at the 
time of the galaxy observation. The sky subtraction procedure of 
IVaduvescu & McCalll ( l2004h was followed in subtracting the back- 
ground from the galaxy images. Basically, this procedure creates 
a smooth background by first subtracting adjacent sky frames us- 
ing two different combinations i.e.. Si — Si+i and Si+i — Si. The 
background level at the time of the galaxy observation is obtained 
by averaging the resulting sky frames. The background level and 
corresponding uncertainty were measured at various locations in 
the galaxy image. These measurements were carried out at a radius 
of r > 4' from the galaxy center to ensure that the results are not 
influenced by light from the galaxy itself. We find that the reduction 
method described above removes the sky to an accuracy of ~0.02% 
in the Ks-band relative to the original signal. 

The total on-source exposure time of the reduced galaxy im- 
ages is listed in Table [3] Those galaxy exposures largely affected 
by atmospheric and telescopic defects were not used in creating the 

^ IRAF is distributed by the National Optical Astronomy Observatory 
(NOAO), which is operated by the Association of Universities for Research 
in Astronomy, Inc., under cooperative agreement with the National Science 
Foundation. 



final images. This results in the different exposure times in the J-, 
H- and T^s -bands for a single galaxy observation. Defects in the 
images include extreme blurring due to changes in the observing 
conditions as well as problems with the CCD readout. The seeing 
in the final galaxy images varies from l'.'2 in the Ks-band to l'.'6 in 
the J-band. 

The reduced Ks-band galaxy images are shown in Fig.[T] A 
distinct nucleus is seen in the galaxies NGC 3115 DWOl, NGC 59, 
LEDA 166099 and NGC 5206. The brighter galaxies NGC 3115 
DWOl, NGC 59 and NCG 5206 show extended light profiles at 
least 1' beyond the nuclear component. The white features seen for 
example in the J^s-band image of LEDA 166099 are negative resid- 
uals left behind by the sky subtraction. These features are observed 
in the crowded stellar fields where it is more challenging to obtain 
a smooth sky background. 

The central region of the galaxy NGC 59 is shown in Fig. |2] 
Two intensity peaks aligned in the northeast-southwest direction 
can be distinguished in the center of this galaxy. The two peaks 
are separated by ~2'.'3 with the northern component being more 
luminous in all three wavelength bands. Recent st ar formation ac- 
tivity has been detected in the center of NGC 59 bv lSkillman et al.l 
f2003). In this paper, we assume that the northern component is 
the "true" nucleus of the galaxy while the second component is 
a star-forming region. The photometry of the two nuclear compo- 
nents together with a detailed kinematic study of NGC 59, will be 
presented in a companion paper (de Swardt et al., in preparation). 

4.1 Photometric Calibration 

The photometric calibrations of the IRSF data involve a direct com- 
parison of the instrumental magnitudes of point sources in the field 
to their corresponding apparent magnitudes given by 2MASS. A 
colour correction was applied to the instrumental magnitudes to 
account for differences in the IRSF and 2MASS filter systems. The 
point sources used to calibrate the galaxy images were selected 
from the 2MASS Point Source Catalogue jSkrutskie et al.ll2006h 
and were chosen to satisfy the following criteria: 

(i) Point sources should be brighter than the 2MASS complete- 
ness limit: J < 15.8 mag, H < 15.1 mag and Ks < 14.3 mag. 

(ii) AAA' quality photometry is available for all stellar sources 
in the 2MASS catalogue. Point sources are rated as having 'AAA' 
quality photometry if they have a magnitude uncertainty of less 
than 10% in all three wavelength bands. 

(iii) Saturated stellar sources having magnitudes brighter than 
10 mag in the IRSF images were not used in the photometric cali- 
brations. 

The instrumental magnitudes of the point sources were trans- 
formed to apparent magnitudes using the equations: 

j = J + ji+j2{J-Ks), (3) 

h = H + hi+h2{J-H), (4) 

ks=Ks+kl+k2{J-Ks), (5) 

where J, H and Ks are the apparent magnitudes of the stars. The 
instrumental magnitudes are given by j, h and ks in the J-, H- 
and ifs -bands, respectively. The nightly zero-points in the differ- 
ent wavelength bands are ji, hi and fci. These were determined for 
the individual galaxy images of each night. The offset between the 
instrumental and apparent magnitude (given by the 2MASS Point 
Source catalogue) was calculated for each of the point sources. The 
uncertainty in the magnitude offset is given by the square of the 
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Figure 2. Double nuclear component of the Scl group dwarf galaxy NGC 59 
as seen in the _ff-band. The two peaks are separated by ~2'.'3. The image 
size shown is 68" x58". North is up and East is left. 



internal errors associated with the 2MASS and instrumental mag- 
nitudes, respectively. The magnitude offsets of the point sources 
show little scatter (< 0.05 mag) so that the nightly zero-point was 
taken as the mean magnitude offset between the IRSF and 2MASS 
point sources. 

The final term in equations l3}-(|5} represents the colour cor- 
rection to the magnitudes. The colour coefficients for the IRSF 
observations have been found to be j2 = —0.018 mag, h2 = 
0.050 mag and k2 — 0.079 mag in the J-, H- and A's-bands 
( lKotzel2007h . respectively. A correction for the airmass was not di- 
rectly applied to the instrumental magnitudes. This calibration term 
is accounted for in the nightly zero-point correction derived from 
the 2MASS apparent magnitudes. Overall, the IRSF apparent mag- 
nitudes derived from equations ([3]l-l[5]l agree within 0.05 mag with 
those given by 2MASS. 



4.2 Star Subtraction 

The A's-band galaxy images in Fig. [T] show that the foreground 
contamination varies from one image to the next. A careful re- 
moval of the foreground stars is essential to obtain photometric 
results not influenced by resolved stellar sources. The star sub- 
traction routine of T. Nagayama (Kyoto University, private com- 
munication) was used in removing the foreground stars from the 
galaxy images. This routine builds the point spread function (psf) 
of the image by carrying out three iterative runs of the psf-fitting 
to the stars. This "automated" building of the psf distinguishes the 
star subtraction routine of Nagayama fr om the conventional KIL- 
LALL routine of iButa & McCalll jl999l) . The effectiveness of the 
star-subtraction routine is illustrated in Fig. [3] which displays the 
original and star- subtracted image for the galaxy NGC 5206. Most 
of the stellar sources are cleanly removed by the routine. The resid- 
uals from background galaxies, bright and saturated stars were in- 
teractively removed using the IMEDIT task in IRAF. 

An extended source can vaguely be seen south-west of the 
centre of NGC 3115 DWOl (see Fig.[B. The NIR colour of this 
source indicates that it is a background galaxy which is seen 
through the fairly bright central region of N GC 3115 DW O l. The 
B-band image of NGC 3115 DWOl from IParodi et al.l | |2002|) 
reveals that this source is indeed a background spiral galaxy. 
The background galaxy was retained in the NIR images of 
NGC 3115 DWOl to minimize the effect of smoothing on the light 
distribution of the galaxy. 



Figure 3. The original (left) and star-subtracted image (right) of the galaxy 
NGC 5206. The surface photometry was performed on the cleaned galaxy 
image. 



5 SURFACE PHOTOMETRY 

The ELLIPSE task in IRAF was used to measure the intensity distri- 
bution along the semi-major axis of the galaxy. The fitting process 
requires a measure of the position angle of the galaxy on the sky, 
as well as its ellipticity. These parameters were derived from the 
outer isophotes where the older stellar population is expected to set 
the overall geometry of the galaxy. The position angle (PA) and 
ellipticity (e) of the galaxies are listed in Table |4] which represent 
the mean value obtained from the three NIR bands. The _B-band 
value of the position angle and ellipticity given by IParodi et al.l 
1 I2OO2I) is adopted for UGCA 200 whose low signal-to-noise (S/N) 
levels do not allow for the measurement of these parameters. By 
keeping the geometrical parameters fixed it is possible to measure 
the intensity distribution of the galaxy out to even fainter levels. 
The radial surface brightness of the dwarf galaxies is measured 
down to /iiim — 24 mag arcsec"^ in the J- and _ff -bands, and 
/^lini — 23 mag arcsec"^ in the A's-band. The near-infrared SB 
profiles of the six dwarf galaxies are displayed in Fig.[T] The error 
associated with each point in the SB profile was computed as the 
RMS scatter in intensity given by the isophotal fitting. 

The NIR light profiles of the galaxies NGC 3115 DWOl, 
NGC 59, NGC 5206 and LEDA 166099 can be divided into two 
components: the nuclear and low SB component. The SB profiles 
for these galaxies show a distinct nucleus whereas pure exponential 
profiles are observed for ESQ 384-016 and UGCA 200. The back- 
ground galaxy can be identified in the J- and //-band SB profiles 
of NGC 31 15 DWOl which show a slight increase at the location of 
the galaxy. NGC 5206 is the most spatially extended galaxy in the 
sample reaching the nj — 23 mag arcsec"^ isophote at r~3'. The 
central SB component of UGCA 200 lies up to ~ 3 mag arcsec"^ 
above the NIR detection limit. The SB profile for this faint galaxy 
is measured out to a radius of r-=40-50" despite its extremely low 
intensity levels. 

The NIR colour profiles (i.e., J-Ks, H-Ks and J-H profiles) 
were derived by subtracting the SB profiles as function of radius in 
the respective wavelength bands. We only display the J-Ks colour 
profile below each of the galaxy SB profiles in Fig. [T] Generally, 
the galaxy colours remain almost constant for surface brightnesses 
of f^Ks ^ 22 mag arcsec"^ after which the noise levels dominate 
the A's-band photometry. The NIR colour of the extremely low SB 
galaxy, UGCA 200, shows the largest scatter from the mean colour 
of up to 0.25 mag within the ^ 22 mag arcsec"'^ limit. 

The mean colour of each galaxy was computed by averaging 
the data points above the fiK^ ~ 22 mag arcsec"^ detection limit. 
The mean colours for each galaxy are listed in Table |5] The six 
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Figure 1. The reduced Ks -band image of tlie dwarf galaxies is shown on the left. The horizontal bar at the bottom of each image indicates a scale of 2' . North 
is up and East is left. The ,/-, H- and Kg-haad SB profiles of the galaxies are shown on the right. The corresponding J-Ks colour profile is displayed below 
the SB profiles of the galaxy. 
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Figure 1 - continued 
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Table 4. Measured parameters for six dwarf galaxies from deep near-infared imaging: position angle (PA) measured from North to East, ellipticity (e), 
total magnitude (mt ) and corresponding aperture radius (rt). The photometric parameters from the 2MASS All-Sky Extended Source Catalogue are 
listed for the brightest dwarf galaxies (B < 13.4 mag) in the sample. The total magnitudes together with the distances from Table[T]were used to 
compute the absolute magnitudes A/^bs in the different wavelength bands. The extinction coefficients Ax from Schlegel et al. ( 1998) are listed. 



IRSF 2MASS 
PA mt rt Mabs PA mt n 

Galaxy (deg) e Filter (mag) (arcsec) (mag) (mag) (deg) e Filter (mag) (arcsec) 



NGC3115DW01 


7 


0.14 


J 


10.70 ±0.06 


90 


-19.23 ±0.20 


0.05 


45 


0.32 


J 


10.99 


70 








H 


10.15 ±0.07 




-19.78 ±0.20 


0.03 






H 


10.15 










Ks 


9.94 ±0.07 




-19.99 ±0.20 


0.02 






Ks 


9.94 




NGC59 


121 


0.41 


J 


10.84 ±0.03 


99 


-17.38 ±0.16 


0.02 


115 


0.50 


J 


10.89 


89 








H 


10.24 ±0.03 




-17.98 ±0.16 


0.01 






H 


10.26 










Ks 


10.07 ±0.03 




-18.15 ±0.16 


0.01 






Ks 


10.10 




LEDA 166099 


125 


0.34 


J 


13.72 ±0.03 


45 


-16.24 ±0.20 


0.18 


















H 


13.18 ±0.04 




-16.78 ±0.20 


0.11 


















Ks 


12.95 ±0.04 




-17.01 ±0.20 


0.07 












ESQ 384-016 


82 


0.31 


J 


13.12 ±0.05 


54 


-15.00 ±0.13 


0.07 


















H 


12.49 ±0.07 




-15.63 ±0.13 


0.04 


















Ks 


12.35 ±0.07 




-15.77 ±0.13 


0.03 












NGC 5206 


23 


0.35 


J 


8.91 ±0.04 


180 


-18.87 ±0.20 


0.11 


45 


0.16 


J 


9.39 


114 








H 


8.35 ±0.05 




-19.43 ±0.20 


0.07 






H 


8.55 










Ks 


8.05 ±0.05 




-19.73 ±0.20 


0.04 






Ks 


8.49 




UGCA 200 


-31 


0.30 


J 


13.84 ±0.06 


45 


-16.09 ±0.20 


0.04 


















H 


13.32 ±0.07 




-16.61 ±0.20 


0.03 


















Ks 


13.26 ±0.09 




-16.67 ±0.20 


0.02 













dwarfs exhibit typical NIR colours obser ved for dwar f galaxies in 
the 2MASS Extended Source Catalogue ( |jarrettll200()i) . The galax- 
ies NGC 31 15 DWOl, LEDA 166099 and NGC 5206 are found to 
have redder colours of J-Ks > 0.8 mag, which is in agreement 
with their optical B-R colours shown in Table[T] A mean colour of 
0.7 < J-Ks < 0.8 mag is measured for the remaining galaxies 
with NGC 59 and ESQ 384-016 showing similar NIR colours. 



5.1 Total Magnitudes 

The total apparent magnitude is given by the integrated flux within 
the detection limit of the galaxy. A growth curve was constructed 
for each galaxy by integrating the intensity in circular apertures. 
The apertures were defined at a radius step of r = \/a& where a and 
b are the respective major and minor axis of the galaxy. The total 
apparent magnitude, mt, corresponds to the asymptotic intensity 
of the growth curve which is measured down to the background 
level of the image. A good measure of the background level was 
found by systematically varying the sky brightness in the image. 
The growth curve converges asymptotically to a flat background 
when the correct sky level is achieved. 

The total magnitudes (mt) of the six dwarf galaxies are listed 
in Table |4] The accuracy of the total magnitudes depends on the 
data reduction and calibration procedures. The sky subtraction 
technique gives an uncertainty of < 0.02 mag in the background 
level for the three wavelength bands. A larger source of uncertainty 
is introduced by the photometric calibrations of the images with the 
accuracy in the measured zero points varying from 0.03 mag in the 
J-band to 0.09 mag in the i^s-band. The total magnitudes are thus 
derived with an accuracy of < 0.1 mag given the errors introduced 
through the reduction and calibration procedures. 

NIR imaging and photometry are available for the three bright- 
est dwarfs (B < 13.4 mag) in our sample from the 2MASS All- 




Figure 4. A comparison of the //-band image of the galaxy 
NGC 3115 DWOl obtained from 2MASS (left) and the IRSF (right). The 
image size is 3 f 5 X 3 .' 5 . North is up and East is left. 

Sky Extended Source Catalogujfl A comparison of the IRSF and 
2MASS //-band image of the galaxy NGC 3115 DWOl is shown 
in Fig. |4] The four times higher spatial resolution of the IRSF im- 
ages gives a clear distinction between the nucleus and the extended 
low SB component of the galaxy. The 2MASS total magnitudes for 
the galaxies NGC 3115 DWOl, NGC 59 and NGC 5206 are hsted 
in Table|4] These magnitudes are the extrapolated total magnitudes 
Text in the 2MASS Extended Source catalogue and correspond to 
the total integrated flux of the galaxy measured down to the back- 
ground level. The deep observations of the dwarf galaxies allow for 
their detection out to larger radii compared to 2MASS. In particu- 
lar, the IRSF observations of NGC 5206 show that this galaxy has 
an extended low SB component which was not completely detected 
by 2MASS. 



The 2MASS Extended Source Catalogue can be accessed online at 
|http://irsa.ipac.caltech.edu/applications/Gator/| 
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The difference between the IRSF and 2MASS total magni- 
tudes for the three dwarfs is plotted in Fig.O It is seen that 2MASS 
underestimates the flux of the three galaxies by up to < 0.5 mag. 
The largest deviation of J = 0.48 mag from the 2MASS total mag- 
nitude is observed for the galaxy NGC 5206 which shows an ex- 
tended low SB component in the deep NIR images. This underesti- 
m ation of the galaxy fl uxes obtained by 2M ASS has been observed 
bv lKirbv et all | |2008|) and lAndreonI ilOOj) . Overall, the 2MASS 
survey fails to detect low SB galaxies so that the NIR photomet- 
ric measurements of the galaxies ESO 384-016, LEDA 166099 and 
UGCA 200 are presented here for the first time. The deep NIR ob- 
servations emphasize the serious selection biases of the 2MASS 
galaxy survey. 



5.2 Structural Parameters from One-dimensional Analytical 
Profile Fits 

The J-, H- and Ks-hand SB profiles (shown in Fig.[Tll were fit with 
an analytical function to characterize the underlying structure of 
the six dwarf galaxies. Those galaxies having a nuclear component 
(NGC 3115 DWOl, NGC 59, LEDA 166099 and NGC 5206) were 
fit with a combination of an exponential and Sersic law to model 
the stellar disk compone nt and nucleus, r espectively. The Sersic 
law can take the form of ICaon et al.lll993h : 



Table 5. Mean colours for six dwarf galaxies. 



I{r) = /eexp 



r \ 1/" 



(6) 



where le is the intensity at the effective radius re which contains 
half of the total integrated light from the model. These parame- 
ters were derived for the stellar disk of the galaxy by setting the 
shape parameter n — 1 giving an exponential profile fit. The pa- 
rameter b„ is directly related to the shape parameter n and can be 
approximated by b„ ~ 1.9992n - 0.3271 for 0.5 < n < 10. The 
light profiles of the remaining dwarf galaxies in the sample were 
appropriately modeled using a single Sersic function as given by 
equation ([6f. 

The fits to the radial SB profiles were performed using the 
NFITID task in IRAF which employs a x"^ -minimization technique 
in finding the best-fit to the observed light profiles. An exponen- 
tial and Sersic function were fit simultaneously to the SB profiles 
of galaxies hosting a nucleus. For these galaxies, the stellar disk 
can be modeled by an exponential law out to the detection limit. 
The central region of the light profiles was fit with a Sersic func- 
tion to model the steep rise in the SB profile towards the center of 
the galaxy. The structural parameters (i.e., the effective radius Ve 
and corresponding SB fie) of the extended stellar disk are given in 
Table |6] for the nucleated dwarf galaxies. A less than ~ 1% varia- 
tion is observed in these parameters if instead a single exponential 
law is fit to the light profile. This implies that the derived structural 
parameters are associated purely with the stellar disk as they are 
not sensitive to the Sersic fit in the central parts of the galaxy. The 
structural parameters for the non-nucleated dwarfs ESO 384-016 
and UGCA 200 are given by a Sersic fit with shape parameter in 
the range of 0.7 < n < 0.9 (Table |6](. The derived values of n 
overlap with thos e obtained for dwarf galaxies in the J/-band (see 
lKirbvetal.ll2008h . 

The structural parameters (/ie and re) of the six dwarf galaxies 
are plotted as a function of their corresponding i?-band luminosity 
in Fig.|6] The i^-band parameters were used for the plots as these 
can be directly compared to the structural par ameters for ear l y-type 
galaxies found in the literature. In particular. lGavazzi et al.l i200(t) 
have carried out ff -band surface photometry for a large sample of 





J-K, 


H-Ks 


J-H 


Galaxy 


(mag) 


(mag) 


(mag) 


NGC 3115 DWOl 


0.89 ± 0.09 


0.27 ±0.10 


0.62 ± 0.09 


NGC 59 


0.73 ± 0.05 


0.16 ±0.05 


0.58 ±0.04 


LEDA 166099 


0.84 ±0.09 


0.27 ±0.10 


0.58 ±0.07 


ESO 384-016 


0.74 ±0.11 


0.17 ±0.12 


0.57 ±0.09 


NGC 5206 


0.82 ± 0.06 


0.22 ±0.07 


0.61 ±0.06 


UGCA 200 


0.71 ± 0.17 


0.20 ±0.17 


0.50 ±0.11 
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Figure 5. The difference between the IRSF and 2MASS total magni- 
tudes for the galaxies NGC 3115 DWOl (circle), NGC 59 (triangle) and 
NGC 5206 (square) is plotted against the IRSF total magnitude. 



early-type galaxies in the Virgo Cluster. The photometric data for 
the galaxies can be a ccessed online using the Goldmine database 
jGavazzi et al.ll2003h PI The structural parameters for elliptical (E) 
and lenticular (SO) galaxies, as well as early-type dwarf systems 
(dE, dSO) from the Virgo Cluster have been added to Fig. |6] For 
these galaxies, is defined as the radius enclosing half of the light 
along the observed SB profile where the total amount of light is 
given by the total //-band magnitude of the galaxy. The effective 
surface brightness fie corresponds to the mean SB within the effec- 
tive radius. A mean distance of 15.8 Mpc ( Jerjen et al. 2004) was 
adopted for the Virgo Cluster. 

In Fig.|6]it can be seen that the six dwarfs follow the corre- 
lation between the effective SB and //-band luminosity observed 
for early-type galaxies. The IRSF dwarf galaxies fit well with the 
sequence of early-type dwarfs with the fainter galaxies (Mh ft 
— 18 mag) in the sample forming the lower luminosity extension 
of the observed correlation. The bottom panel of Fig. |6] shows that 
the dwarf galaxies do not follow the same relation between the ef- 
fective radius and //-band luminosity seen for the giant galaxies. 
This is in agreement with Zibetti et al. (2002) who observed a di- 
chotomy in the fie-re relation for giant and dwarf galaxies in cluster 



http://goldmine.mib.infn.it/ . 
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Figure 6. The effective surface brightness fie (top) and effective radius re 
(bottom) as a function of //-band luminosity of the galaxy. The six IRSF 
dwarfs are shown in black where filled symbols denote those galaxies in 
which neutral hydrogen gas has been detected. Early-type giant galaxies (E, 
SO) and dwarf galaxies (dE, dSO) from the Virgo Cluster are also shown. 



environments. The IRSF dwarfs provide even further evidence of a 
disparate group of dwarf galaxies with effective radii comparable 
to some of the brighter giants in the Virgo Cluster. 



6 DISCUSSION 

6.1 J-Ks Colour-Luminosity Relation 

The J-Ks colour-magnitude diagram for the six IRSF dwarfs is 
shown in Fig.|7] The mean J-Ks colours for the galaxies (listed in 
Table O are plotted against their corresponding absolute Ks-hand 
magnitudes. The fc-correction for galaxy redshifts was not applied 
to the magnitudes. At redshifts of z < 0.1, the fc-corrections are 
smaller than the photometric errors and can therefore be neglected. 
In the top panel of Fig. |7] the J-Ks colours for the IRSF dwarfs 
are compared to those obtained for early-type dwarf galaxies in the 
Virgo Cluster (taken from the Goldmine database I Gavazzi et al.l 

Variations in the NIR colour of a galaxy are mainly driven 
by the metallicity of its stellar population. In particular, the J-Ks 
colour index is very metal sensitive with little dependence on the 
mean age of the stellar population. To identify a possible trend in 
the J-I-Cs colour of the dwarf galaxies with luminosity, a linear least 
squares fit was made to the Virgo dwarfs. The linear fit has a shal- 
low slope of m = —0.02 ± 0.02 suggesting that early-type dwarf 
galaxies show almost constant J-Ks colours independent of their 
luminosity. The six IRSF dwarfs are found to lie well within the la 
deviation from the linear fit so that these nearb y systems fol l ow the 
linear relation observed for the Virgo dwarfs. iGalaz et all j2002l) 
measure redder J-Ks colours with increasing luminosity for a large 
sample of low surface brightness galaxies. They conclude that the 
more massive galaxies tend to have more metal-rich stellar popula- 
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Figure 7. J-Ks colour-magnitude diagram for the Virgo early-type (dE, 
dSO and dE/dSO) galaxies (top) and dirr's (bottom). The six IRSF dwarfs 
are shown in both panels where the filled symbols indicate those dwarfs 
which have been detected in H I. The linear least-squares fit and Icr stan- 
dard deviation for each galaxy sample are represented by the dashed and 
dotted lines, respectively. The slope m of the linear fit is indicated. For 
comparison, the linear fit for the dhr galaxies is re-plotted (solid line) in the 
top panel. 



tions. This correlation between the metallicity and galaxy mass is 
not, however, observed for early-type dwarf galaxies. 

Neutral hydrogen gas has been detected in the galaxies 
NGC 5206, NGC 59 and ESO 384-016 in our sample. For 
this reason, the J-Ks colours of the IRSF dwarfs were com- 
par ed to those obtained fo r gas-rich dwarf irregular (dirr) galax- 
ies jVaduvescu eTani2005h which is shown in the lower panel of 
Fig. |7] A least squares fitting was made to the dIrr galaxies which 
gives a slope of m = "0.07± 0.04. The linear fit indicates that the 
dIrr galaxies show redder J-Ks colours with increasing luminos- 
ity. The IRSF dwarfs are seen to lie within the la deviation from 
the linear fit to the dirr's. The redder J-Ks colours with increas- 
ing luminosity are however not observed for the IRSF dwarfs who 
show more constant J-Ks colours down to an absolute magnitude 
of Mk, = —15.8 mag. The correlation of the J-I-Cs colour with 
absolute magnitude Mk,, remains questionable for the low lumi- 
nosity dirr's {Mks > —15.5 mag). It is not clear if a selection 
effect results in the lack of low luminosity, red dIrr galaxies at the 
faint end of this relation. 



6.2 Dwarf Galaxy Evolutionary Sequence and Morphology 

The NIR photometric results for the six dwarf galaxies were com- 
bined with existing optical measurements to assess their evolu- 
tionary state and morphology. The B-Ks colour is k nown to be a 
good indicator of the galaxy morphological type (e.g., Ijarrett et al.l 
|2003|) . In Fig.[8] the B-Ks colours of the six IRSF dwarfs are plot- 
ted against their corresponding ATs-band luminosity. The total ap- 
parent B-band magnitudes of the dwarfs (see Table [T} are taken 
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Table 6. NIR structural parameters for the six dwarf galaxies from ID analytical fits. Columns: (1) Galaxy designation; (2) Presence of a nucleus; (3) NIR 
filter/band; (4) Analytical function fit to the light profile; (5) Effective surface brightness and (6) Effective radius from the model; (7) Shape parameter: n = 1 
for an exponential fit to the disk component of the galaxy. 











Mo 


rc 




Galaxy 


Nucleus 


Filter 


Fit 


(mag arcsoc"^) 


(arcsec) 


n 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


NGG 311^ nwni 


Yes 


J 




20.83 


31.73 


1.00 










19 97 


28 79 


1.00 






K 

" s 




19.57 


26.52 


1.00 


NGC 59 


Yes 


J 


Exp 


20 39 


30.30 


1.00 






H 


Exp 


19.90 


31.62 


1.00 






Ks 


Exp 


19.81 


32.30 


1.00 


LEDA 166099 


Yes 


J 


Exp 


22.56 


23.71 


1.00 






H 


Exp 


21.95 


22.38 


1.00 






Ks 


Exp 


21.74 


23.83 


1.00 


ESQ 384-016 


No 


J 


Sersic 


21.40 


17.06 


0.79 






H 


Sersic 


20.94 


18.45 


0.82 






Ks 


Sersic 


20.74 


18.10 


0.83 


NGC 5206 


Yes 


J 


Exp 


20.91 


86.58 


1.00 






H 


Exp 


20.29 


87.26 


1.00 






Ks 


Exp 


20.20 


92.99 


1.00 


UGCA 200 


No 


J 


Sersic 


22.71 


22.93 


0.81 






H 


Sersic 


22.18 


22.57 


0.80 






Ks 


Sersic 


21.87 


20.42 


0.77 



from iKarachentsev et aL For the faintest galaxies in the 

sample (B > 15.2 mag), the total B-band magnitudes have been 
determined with an accuracy of ~ 0.5 mag. The B-Ks colours 
were calculated as the difference between the total apparent B and 
i^s-band (from Tabled magnitudes of the galaxies. 

To gain more perspective of where the IRSF dwarfs are lo- 
cated relative to other galaxy morphologies, we have added four 
different galaxy samples to the B-Ks colour-magnitude diagram: 
early-type dwarfs (dE, dSO, dE/dSO) and elliptical galaxies from 
the Virgo Cl uster (taken from the the Goldmine database), dirr 
galaxies from'Vaduvescu et al. ( 2005), blue compact d warf ( BCD) 
galaxies from Cairos et al. ( 2003) and Noeske et alT] l |2003l) . The 
general trend shows redder B-Ks colours for the elliptical galax- 
ies, while bluer colours are measured for both early and late-type 
dwarfs. An average B-Ks colour of ~ 4 mag was measured for 
earl y-type (E, SO) galaxies in the 2MASS Extended Source Cata- 
log jjarrett et al. 2003) . The early- type dwarfs form a continuous 
sequence between the more luminous elliptical galaxies and late- 
type dwarfs. The emission from the BCD galaxies is dominated 
by the younger, starburst component indicated by the blue colours. 
Figure [8] shows that the six IRSF dwarfs fit very well with the se- 
quence of early- type dwarf galaxies. 

A detailed study of the relationshi p between th e B- a nd H- 
band luminosity of galaxies was made bv lKirbvetaLl ( l2008h . They 
found a tight correlation between the absolute B- and Jf-band mag- 
nitudes for their sample of nearby galaxies (D < lOMpc). This 
correlation was extended to include more luminous galaxies such 
as the sample of sp irals fromlKassin et al.l 1 12006) and galaxies from 
the Virgo Cluster jGavazzietal.ll2003l) . The six IRSF dwarfs are 
found to closely follow the linear relation of iKirbv et al.l bOOSt) . 
The correlation between the B- and //-band luminosity implies 
that the early-type dwarf galaxies are minimally affected by dust. 
This result is supported by the optical and NIR images of the IRSF 
dwarfs which reveal similar galaxy morphologies in the different 
wavelength bands. 
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Figure 8. B-Ks colour-magnitude diagram. The six IRSF dwarfs are 
shown by the black points where the filled symbols indicate those dwarfs 
which have been detected in H I. The elliptical and e arly-type dwarf galaxies 
from the Virgo Cluster are also shown. The dirr's I Vaduvescu et al. 200: 
are indicate d by the open circles w hile the BCD galaxies from Cairos et al_ 
12003) and iNoeskeet al.l i2003h are represented by the filled triangular 
points. 



6.3 Stellar Masses of the Dwarf Galaxies 

We have adopted the galaxy evolutionary models o fUeU & de Jon^ 
(2001) in determining the stellar M / L ratio of the six dwarf galax- 
ies. The linear coefficients given in Table 1 of iBell & de Jond 
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l l200lh were used to derive the M/ L ratios. These coefficients were 
measured by adopting a formation epoch model (with bursts) and a 
Salpeter initial mass function (IMF). It is expected that the choice 
of the IMF will not introdu ce uncertainties gr eater than 10% in the 
NIR stellar M/L ratio (see lOalaz et"ani2002h . 

The ff-band stellar M/L ratio of the galaxies was computed 
using the linear relation: 

TH = aH + bH{B-H). (7) 

The stellar M/L ratio was calculated for each of the IRSF dwarfs 
by substituting their individual B-H colour into equation To 
increase the statistics by using a larger galaxy sample, galaxies 
having absolute magnitudes in the range of —15.6 < Mr ^ 
— 19.8 mag in the .Kirby et al.. (2008) sample were also used in 
calculating the M/L ratio. These magnitudes span the range of H- 
band absolute magnitudes observed for the IRSF dwarf galaxies 
(see Table |4ll. A total of 33 dwarf galaxies were identified in this 
magnitud e range. It sho uld be noted that the dirr galaxy AM 0521- 
343 in the lKirbvetZlJioOSi) sample was excluded as the photom- 
etry of this galaxy is compromised by a bright foreground star. The 
M/L ratio of the dwarf galaxies was computed by taking the mean 
of the individual ratios obtained for both the IRSF and Kirby et al. 
( l2008l) galaxy samples. This gives an _ff-band stellar AI/L ratio of 
Th = 1.4 ± 0.8 where the error in the M/L ratio represents the 
standard deviation of the mean. This value overlap s with the M/L 
ratio of Tr = 0.9 ± 0.6 obtained bv lKirbv et all feOOSi) for their 
full sample of 57 galaxies (consisting mostly of irregulars). 

The M/L ratio of T_ff = 1.4 ± 0.8 was used to calculate the 
stellar mass of each of the IRSF dwarfs. The extinction-corrected, 
absolute ff-band magnitudes Mr of the galaxies were converted 
into luminosity using the standard relation 

where Mh.p> = 3 .35 mag is the iif-band luminosity of the sun 
jColina et al.lll993) . The total stellar masses of the galaxies are 
listed in Table [T] The two brightest dwaifs (NGC 3115 DWOl and 
NGC 5206) in the sample (M^ < -19 mag), have the largest stel - 
lar masses which are of the order of lO^Mtn. IPuzia et ^ i2000l) 
measure (4.8 ± 2.3) x 10^*^ Mq as the lower mass estimate of 
NGC 31 15 DWOI. This mass estimate was obtained from the kine- 
matics of seven GCs in the galaxy. We have derived an //-band 
stellar mass of (2.6 ± 1.2) x 10^ Mq for NGC 3115 DWOl which 
is ~ 25 times lower than the mass estimate imposed by the kine- 
matics of the seven GCs. The dynamical mass of NGC 3115 DWOI 
is measured out to a projected radius of r ~ 2.7', making it al- 
most twice as large as the radius in which the stellar mass of the 
galaxy was determined. This result suggests that NGC 3115 DWOI 
is a very DM dominat ed galaxy with no direct evidence of an ex- 
tended DM halo (e.g., iKlevna etal.l 2002). On the other hand, it is 
also possible that the GC system of lPuzia et al.. C200Q) is not viri- 
alised around NGC 31 15 DWOI giving the higher dynamical mass 
estimate for the galaxy. 

Given the H I masses for the galaxies NGC 59 and ESO 384- 
016, we are able to derive the Hi gas-to-star mass fractions for 
these systems (see Table|7]l. The H I mass of NGC 59 corresponds 
to ~3% of its total stellar mass. This galaxy contains the largest 
amount of H I gas compared to the other early-type dwarfs in the 
Scl group (Bouchard et al. 2005; Beaulieu et al. 2006). The rela- 
tively large H I con tent of NGC 59 together with the ionized gas in 
the galaxy center ISkillman et al. 1120031) suggests that this galaxy 
cannot be classified a s a genuine dSO galaxy . Instead, this detection 
supports the claim of iBouchard et al. 1 1 |2005|) that this dwarf should 



rather be classified as a mixed-type dSO/Im galaxy as it exhibits the 
characteristics of both early and late-type galaxies. 

The galaxy ESO 384-016 shows a larger gas fraction to 
that detected for the star-forming galaxy NGC 59. This corre- 
lat es with the H i mass to B-band luminosity ratios measured 
bv iBeauIieu et ID ^200^ where the lower Hi gas fraction was 
measured for NGC 59. These were found to be Mm/ Lb = 
0.21 for ESO 384-016 while NGC 59 has A/hi/I/s = 0.07. 
ESO 384-016 represents one of fo ur mixed-type dwarfs in the 
Cen A group ^Bouchard et al.ll2007h . Only two of the mixed-type 
dwarfs (including ESO 384-016) have been detected in Hi. These 
galaxies show Mm/ Lb ratios similar to that found for mixed- 
morphology dwarfs i n the Local Group (St-Germain et al.lll999l : 
lBouchardetaI.l2006l) . In addition, the H I distributi on of ESO 384- 
016 shows an eastern extens ion of the gas (see iBeaulieu et al.l 
I2OO6I) . iBouchard et al.l ilOOf) suggest that the H I distribution of 
this galaxy is a result of mild ram pressure exerted by an inter- 
galactic medium of density picM ~ 10~''cm^'^. 

The upper H I mass limit for NGC 5206 was used to estimate 
the gas fraction of this dwarf. The stellar mass is the main con- 
tributor to the baryonic mass of this galaxy. The H I gas content of 
NGC 5206 is found to be less than 0.1% of the total stellar mass. 



7 SUMMARY AND CONCLUSIONS 

Deep NIR J-, H- and A's-band imaging were obtained for a sam- 
ple of six early-type dwarf galaxies in the LV {D < 10 Mpc). The 
galaxies are detected down to a SB limit of /i ~ 24 mag arcsec"^ 
in the J- and Ji"-bands, and ~ 23 mag arcsec"^ in the Ks-hand. 
The low SB galaxies LEDA 166099 and UGCA 200 are detected 
in the NIR for the first time. A detailed NIR photometric study 
was conducted for each of the dwarf galaxies to explore the proper- 
ties and various characteristics of the old stellar component of the 
galaxy. 

The deep NIR observations allow for an accurate measure of 
the total magnitudes of even the faintest galaxies in our sample. The 
total magnitudes of the three brightest (Mb < —15.5 mag) galax- 
ies NGC 3115 DWOI, NGC 59 and NGC 5206 were compared to 
those obtained by 2MASS. For these galaxies, we find that 2MASS 
can underestimate the magnitudes by up to < 0.5 mag. The re- 
maining galaxies in our sample were not detected by 2MASS. 
These findings highlight the selection biases faced when using pho- 
tometric data from the 2MASS galaxy survey. The structure of the 
underlying stellar component was determined by fitting an analyt- 
ical function to the one-dimensional light profile of the galaxy. An 
exponential law was fit to the stellar disk of those galaxies hosting 
a nucleus. The effective radius and corresponding SB fie associ- 
ated with the disk component were derived for these galaxies. The 
light profiles of the non-nucleated galaxies were best modeled by 
a Sersic law. The six dwarf galaxies are found to have similar NIR 
structure to early-type dwarf systems in the Virgo Cluster. A first 
indication of the extension of the relations between the structural 
parameters (/ie and r^) and ff-band luminosity to low luminosities 
(Mh ^ — 18 mag) is given by the faintest galaxies in our sample. 
This parameter space remains largely unexplored due to the lack of 
NIR data for low SB dwarf galaxies. 

The J-Ks colour was derived for the individual dwarf galaxies 
to explore its variation with the A's-band luminosity of the galaxy. 
We found that the six dwarfs exhibit almost constant J-Ks which 
is independent of their luminosity. In addition, the nearly constant 
J-Ks colours with luminosity are observed for early-type dwarf 
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Table 7. Total stellar masses (Atstars) of six IRSF dwarfs. The columns represent, (2): 
Extinction-corrected, absolute //-band ma gnitudes; (5): H I masses of galaxies taken from the 
literatu re: NGC 59 and ESO 384-016 from B eaulieu et alj {200^ : NGC 5206 from lCote et"ai1 
1 19971) . The upper H I mass limit is quoted for the galaxy NGC 5206. 







Lh 


stars 


A/hi 




Galaxy 


(mag) 


(xIQSLo) 




(M©) 


Mm/Mstars 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


NGC 3115 DWOl 


-19.81 


1.84 ±0.76 


2.58 ± 1.17 






NGC 59 


-17.99 


0.34 ±0.13 


0.48 ±0.21 


1.5 X 10'^ 


0.031 


LEDA 166099 


-16.89 


0.12 ± 0.05 


0.17 ±0.08 






ESO 384-016 


-15.67 


0.04 ±0.01 


0.06 ± 0.03 


6.0 X 10^ 


0.100 


NGC 5206 


-19.50 


1.38 ± 0.57 


1.93 ±0.87 


5.5 X 10^ 


< 0.001 


UGCA 200 


-16.64 


0.10 ±0.04 


0.14 ±0.06 







galaxies in the Virgo Cluster. These results suggest that the J-Ka 
colour is not a strong tracer of the galaxy metallicity in early-type 
dwarf systems. The six dwarfs were also found to have typical B- 
Ks colours to those seen in early-type dwarf galaxies which are in- 
dependent of environment. The correlation between the B- and H- 
band luminosities implies that the dwarf galaxies are not strongly 
affected by dust attenuation so that similar galaxy morphologies 
are revealed at optical and NIR wavelengths. Finally, the stellar 
masses of the six galaxies were determined from the //-band ob- 
servations. The dwarf galaxies are found to have stellar masses in 
the range of 10** - IO^'Mq. For the case of NGC 3115 DWOl, the 
stellar mass was compared to its dynamical mass estimate indicat- 
ing that this galaxy is DM dominated and a possible candidate for 
hosting a DM halo. The H I gas-to-star mass fractions were deter- 
mined for those galaxies in which neutral hydrogen gas has been 
detected. The galaxies NGC 59 and ESO 384-016 show H I gas-to- 
star mass fractions of > 3% providing further support that these 
are mixed-type systems rather than pure dwarf elliptical (dE) or 
lenticular (dSO) galaxies. 
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